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Extent of Pbellinuspini decay in loblolly pines and 
red-cockaded woodpecker cavity trees in easrern Texas 

Gonner, R. N., D. Saen~, D. C Rudofph, &e R R Schaefer. {XTildlife EIabkixc and Silvr- 
culture Laboraeort., Sourhern Research Station, Narogd~hes,  7X ;5965-35$6, U.f A,) Extent 
of PheIllinra prnr decay in lobloily pines and red-cochded s~odpecker cavrry trees m eastern 

* < Trxar. Memorrs of The New Yo& Rowicd Garden 89: jig-p~, zocq.---Xo detecntxse the 
prevalence of PheICnuspmt rn ptnes generally and r e d - ~ m h d d  woodpetker cavity tree5 ,pe- 
aficaliy, we drssecxed y Ioblolly pines (I)tnlt5 raedz) with 5tsible sporophores locarcd in the 
Daxy Crockert National Forest, eastern -Faas, and de~ermined dte vertiai &inensions m d  
diameter of ~ h r  I>bcIItnnsprnr decay column wrrrhtn the heamood. The lobiolly pines, u*hr& 
were dtsserred at I-m rflreneals, averaged 28.6 nx in he1gh1,3o.x wn dbh, and $2 y ofage. The 
decay col~~rnri within rhe~e ptnes emnded t'mm an average of 0.2 in to ail average ofxr .~  m 
above rhe ground and attained an mrztge rnnr~munl diemeter of 13.3 cm. Sixteen red<oekded 
woodpecker il~tro~dex borta,?ts) cavity Irees jlobioIly 2nd shodmf, Anzs ecbinata, pptes which 
averagd 29.5 m In he~gh;hc, 48.6 cnt dbh, and 99.9 y of age] char were blown over during a 
ur-~ntisrorm on die Sabrne Nar~onal buresr m eastern Tea  were atso dirsecred co dde~nn~ne 
length and pocirir)n of the decay coltimn and its diameter at the ~~oorlpccker cativ sire 
\Xic>nclpecker n v q  evcavartnn srres were dilsely associared with h11gd spomplrorcs. Tire &cay 
irrltimn In reci-cnckaded *oodpeckerr caiPrsy rrerts, Min~ch extended an a\erag oF4 z rn ro an 
avrfagr 16 m above ihe prouncl, extended +,a rn above and 3.6 m below €he \voodpecker cavrry 
md averdgrd 15.5 ~111 in diartreier at the trivttt. Our results suggas char 2~ lledsr t j  pars are 
required post ~naculauon for sporophare fortmctun ta cosnmencc and becurt: d sut%crent 
diamerer of hearwood has been decayed to pl~ybidly hnusr a rcd-cocbded-rirvoutfpe~kp:rca\~~y. 

KEY WORDS: decq colunm, lob~olly pinc, longleaf pine, Phcilinaj pittr. Anw raede, Arirrr 
echmaa, red-cockaded \wodpectrer, red liean iitngus 

Red-cockrrded woodpeckers (Picot&$ k r ~ a b  L'retl- 
lor) are a cooprarively b t ~ e d ~ n g  species mdenltc ro the 
southeastern United Stares (Conner er ai.,  zoo^). The 
s\oiunon of a coopernave breeding ryhienl In this en- 
langered ..uoodpecker appears to Ewe been pnmanly 
dt~ven by a C I I U ~  rhormgc of cavrcies In which netviv 
formed pars? could breed (Clonner 8;: Rudolph, rggi;; 
Waiters, 1990; Wdrers ex a1 , 1988). fied-mckaded 
woodpeckers are reirttmeii* smaii ~voodp~kers  arid de- 
pendmg on rhe specres of p i c ,  exwvauon ofcomplrred 
cavir~rs in rhe inring ptnes t l iy use for nesr and roosr 
sires averages from 2 ro 6 years iConner Sr Rudolph, 
rggr). Thus, ci!~,1tie.; exca~ated by a breeding pair of red- 
~nckncied rroodpeckcrs iFtg. I) arc typicaiiy ~ s e d  for 
nesrrng b\t n~iiirlpIe generannrrs ofrhelr oEspnirg (Con- 
nrr er .if , roo1 j 

Many species o f  North American woodpecker.s are 
dependenr on sprrres of fungi thar decay and soften 
rhe heamood ( d a d  xykm nssue), partirtulariy in 
hardwoods, u*hicb permits ai~&or kilitates wood- 
pe~ker mcxcnrarion of nest and roost caviries iConner 
et d., 19761, The red-cmkded woodpecker prlmasilp 
seiec.irs living pincs (PIN~LI spp.1 wrI1 red heart kngta 
(IJh*&xnur ptnt CThare ex Fr,) h h e a )  decay rvzthin 
rbe heartwood for n e t  and roost a v t g  excarratten 
(Conncr & k k e ,  i98z; Huoper rr al., 193~; jackan, 
1977: Scetriy, 11957). The mtcnr of chc decay coiurnn 
created by red heart iiingus oxidatton of heafi~vond 
n4em rcssue rn red-cockaded woodpecker cavity trees 
ir  nor iwlI known iConner tr a]., 2001). Ritd- 
rockadcd ~"iodpeckerr are known to he able to selen 
a ponmn of the pine illfrcre red heart fitngal detav i s  



well maMish& (Comer & k c k c ,  rpx Iteaper c: 
d,, 19yt;lt). Mowwe6 ate known %a rxmvare a ar- 
tty LR !wing ptnes codlp dev02d of basgal d a y  CGn- 
ncr & bckr, 198%; Gamca d,, zm11, Qwitia ex- 
a~-atcd by thew 4 p s c : k i e r a  into p ~ m  with a red 
hem h n p 1  decay calurnn ~okc rig,ni6ezndy 1- rime 
ra a c m e  rlrw mviulss excam& IPtm phes totally 
larhng decay (Canner et d,, l g g ~ ) ,  

In arda ea i avwgate  the mmt afdecsy &at occurs 
I P ~  ptae~ In general and &me ficiared by wd-cahded 
w d p k e r s  for evtrq. mcavacias spt.ci6dl~ we hbaf- 
r+eptr$ rcn$ d k t e d  IebioEEy pines (&em w t  t ,i 
svrtt; vl$ible PIlic&?zw p-ni $prephoe= on zhdr bdm.. 
We aka Csoesred and -mind 14 loblally xed shwinlcad 
psne (Pinw =&EMU MdlJ (PW &a blwn 
over; during il wed s h m  eveat ut demmla the exear 
of tIrc k y  m i w n  k pines actually mnmniry~ n red- 

woad@r cavity, 

%k obr;riacd pcxmsrrcia from the X Z U O ~  Few= 
a d  C r d d s ,  Xexits, March rggg, to b * e s  &- 
scrcr Z+ l&idiy pins  with uisihkc P h e . 9 2 ~ ~  ~ ~ - m i  s p m -  
p-lrara on heit bodes f?ncaaod en c k  Davy Cr&n Ma- 
rinuoi Fares;, I;nApcd ~998 %ce~ba t~ id  ihm permthxjan 
%amt a wd3 ar U.S. F s b  lad W'iidsfe Sehuitc pemtt$, 
to d i m t  and CxslntM ~d md:gi-;~~.kdd w?"o&& 
IahIatb 2 n d  Ae~;~icaf pine cavsg trim on rlts %bae 
Matiurn1 Forest &t had h e n  blmn cner dwmg a r*i. 
vest lan&ap-h,ei  wind shear mcn5 &91. w x d  aa 
r i  Fclamary IF@- 

&& d &e aq i ~ b b i i y  pine% an &e &%? Ct&n 
Xarronal Forest &Ild durtrrg Mar& xrg95 4th 6 

c h p ~ w s *  after mraauring dl;tmk.ics as b e a r  tic@t 
(&bit, 1.3 m ~ b w e  grsrxnd kvd] and mcordlng rhc cam- 
pass apecr of my ~ s i b k  CImgai sporvhara au & 
pane$ bale. %?& die D X C  un the ground, livs m c w d  
rod srrc hegghr and bgtk Eeqth WI& a mctd r a p  wd 
c;ounred gmwrh nags ar brat hengbc ro d m o m i ~  me  
zgc {number of nap piua 3 years). Srantfl;; at the k 
of mrrh pane, an 8 -m shkk cmm saxion nf &&r blewas 
cut oui a: I-rn I A C T C ~ ~ ~ ~ Q  up.ward ur?ril lhp fiitsgzl decay 
calamn was no l a n g r  virab1et Aa $3- m t o a  .was & 
rentowid at each size w'BXere a s p ~ a g h ~ c c  i6 pxmm 
md &e heigkx uf dee spropIrcare marded Using & 
rrmevcil cres secrtam af wvad, rEnc dtamac. aF & 
i b m y  mlumn 'rvss r~rfsmd az each r-sn rasxewmrad 
xt &I: skcs where a s~rophere  w.as present The ma- 
tmum kcighgkc ah rhe &cay calumn w~ d m m m n d  try 
crctang rta+wtiaras al&e bale rn t?re elifeae~i ef& 
crawn untd rm dra): was d e a x d  within she t tnghr  
6.1-m F OPI each pilse hk, We 
plnr=s 
on rkc Me: EO dewm~nt  the loasion w k r ~  ttre hap 
actst  Irkip entered h e  a r e '  Ail lutatasfis whce spafa- 
pham %were prrtrenr wxre v e ~ l y  secrrsnt-Li rhra* 
&C wnb: with a cbaimaw pa emmine weexi scrwarz 
and branchi% ia tk arts  where the rparapIja?-e w 
fornd.. S g o r ~ h o m  were seccioncd wrh ;I r m s  md 
gmwh smadi comted.. %% dm rm&nriy %!t"e.rc;d LOO 

panes from &C forw smnd w h r c  &c Q labially grncs 
wem h z ~ s = t d ,  and used a~ m~cxment borer ta mrraa 
a rare s f  hemsoeel a i  breast he+e co see IF kqd 
decay pmenz b l  area of  &its srand sr 1.3 nr ;?bm 
the ground isis m e s u d  with a r-ktot ~ C V K  bad 
arm pram. 

Stxrmn d a x k d e d  d p ~ k e r  caviry (7 
1ob8aiiy pines end 9 &~rzicafpmd vi-cfe secriarnd 
a ckainsw during Aprit iggi9, Inrridl~ a seztinn ef & 



b l e  eonrasaoarg the c$i"rV~t)" v~**Y removed tti drrerminc ciaelrnnsrr af what *pomphare age taoatld h ~ e  k n  
t!xe damctrs df h c  decay wluilttr ZI h e  mviy T%ie had nmc; ken prci;ettrlv hsnared Baed an tlic sues 
iarrglrc et) the unq cnmance abow she ground and &t or ihc spc~rtsphnr~a coLiccwd M 1989+ rtiost were Ikckf $ 

j : amtc r  t r f  rhc hair: ar the w s r y  snrrsnce +sex met- (13 7 y old, 
-are4 Parttow af tire pritei bale both a h u s  and klorg, 
rhr catsEy '~lrre then p q ~ 5 s i v c I y  remated to rirrermrne 
hot% far the decay coirinn r r t andd  a b v c  2nd below 
r5rc ~1-norfycbicr cz.cnc Ti-ec heugh2 atid dbir wen a h  
ir~eaered at~d the presence us skseatc of rpomph~res 
noted If a aporupbosr \was presenfr ITS kcxghs an chc 
bml~  xvai  mrst~TCJ Clzwiq thmm aerc mo~s-xcrienPrd ax 
r.:, rn ra dct-crminc ~ k r i r  age inutmkr of r ing pKlr~ 3: 

The lublirll) ppna on &LIC Day Crc~~-3c:i:tt Ybi?tiou;tl 

Of the sao pines r;indomiJ- sc icacd h m  rise fares 
>s;ind 'inr iaCSw<*Od eA.naeslifiZlabo M~I& $51 b:lrtefMCnl: 
core ar I -i, in, oiiiy 3 prnei; ~ h e w ~ d  W*$MICC of heart- 
soad decay nr, h t  hesgbr Mirrr d r f r cx  pins dsd nos 
haw s p ~ u p h f s w  zs15rble on &:r bnics These pines 
rwse nor hmested for 2 marc bec;rtSd cxain!riluomr, 

The decay *miunto tn ~iid-e~ckddeij 
:r% trees !nns?lir age - 93.9 r 2 2  9 yi ivas a h  zppmz- 
rrnz*:ely i r  rn tn icngch, bat dad nor ~ o t ~  in c106(: pox-  
mmrcy to rhegwunfl !kgr +)* in cxvrg the 1ews~ 
p>mon d xhe decay c o l ~ n ~ n  aver%& 4 r 2 4 4  m 
aheve tS9P ground &4-cochdrri \**aadpe&t cavines 

Fairrir aaeriged zl3 B Z. z E! m (meart r: SDI in h~sghr, avsrapd n r  6 r 2.7 m above the gmurnd and &cay 
40 5 -. ; r rm dbh, 52 j. 5.0 years o f  age, and had 8 exrrnrjcxi an xverqe 0f 4 a 2.1 rn above and 7 6 2 

:o + ti.$ -;. o L I  ~poraphnxs f~tltc~ng om rhcir ibla1c.s 3 3 m kslort. I& cmisrs The dcrzi, column at woud- 
Ban! arm zr r 3 n hglt&t tot ih f~  iomt fiatad .na~srdgl petkcrcali~t~eb amsged 15.5 z 6 S cm rn rfimet7Eer Spn- 
2 0  1 rnql~a. Giterr :l.resr reiatcr~rly yraungdge, the lublollp mphercs **ere rrsihle on rt of the r B  cai.lo3 ?ire= Jr  aa 
pines cnnrxlnad more mcxrerritrr coiumnr uf &r;l~ than atPer2gt hcighr nf r; t:. 2 3 ,  j m Woodpckrrs typ,~%~calE, 
x.rr :had c~pecteri;ld { F B ~  2 )  D s ~ * i e d  \ylcn~i c(rit1mn5 t i t  gzrawced L;~VED#~\  "jlpr~x1n"ri~b the he~ght a 
i%i~-k" pines ~%l~%ld66j hmr a mait keaghi: o f 0  2 2 9.4 the spuruphow its.8 m cxa,sq- h q h s  i.ersul; 12.0 is v- 
rrs KO r r  i Y E B m &<we the g~uuad wd attarried an rcaphsrs: irelgbri. I>1vts~rs were rrlisn rmnxezii;trcly k- 
average masiaunr d~amcrec uf rj.3 -ir 3.0 im.  Odicntn. :,earl> s rprarphorr: and *ere !:ever i ~ x c a k ~ t e d  irnrnedi. 
decay m the h e s r m d  appeared $0 cxteod drrwn t)6:luu, aneay abua,~ a spcimpburc, 
r:our~d iwd, bur :w could rroc LUK $~GUORB of the a~t~te 

sr  b r a s  hetght (n.3 m3.. En dl mcrsnccs where x dtrcr- 
nnrnirmn e@uId be made7 Pb~B~rjw p r z r  appeared tci 

hrve ~!.namrrl a a e s  iu  tartwxwaud o f  the pine &rough 
a dead branch stub and all spaarrmphora twrc produced 
\i.hrrr branch ~ w k  ra \eaed  ham the %1earwd 
rhmrigh chr s;rpwuud to dre outer surbie of  &c h i e  

(Fig- 3:. Sprapburzs ateraged 3.9 = 2-0 srpr &*e clrc 
gruund. iliw exarnrnarznn nf brok<crs brmcfr nnibr; ar- 
iij.,iard t v ~ r h  sprop&*>srs aeidasrsed d~ar appron:matel> 
z7 t i e  g ~ w t f i  rieg {qring knd summer moll counted 
as anr f i nd  wcrr: added m ihc tree's diameter after the 
branch stub had fumed {Fig. 3)- Thus, r f i f  :oblolly 
p~nes  o p p r  m krcr heen sbour zs -, d d  &en elw Tun- 
e~> kitst i n fa red  the p1r?1e~ 

phi3ra r14f m sirire Q lobIoll~ pjnos. F u n d  ;a_lperrrpkorc 
3 g e ~  ra~lgid h r n  7 to rr v mid an i t  ai~erdged r; g -i. 3,s Y 

old ttlowewzt~ had icihart-atid rlpruphorw from some 

How t d - ~ x ' d e d  vi*mdpe"ckt~ Ioutfr decay wrhia 
the Mrs of pi- s paarl;. prracknzaad, Gitnner en at 
lrg~6J ruggct5zd &aa other wvvhadpeskcr spma thz ex.- 
c a t - ~ c  a n a e s  in h d w d t :  t c ~ g h ~  find decayed kwarc- 
wood ~vlxhtra t r u n k  by pxcmslag h e  bale and 11s- 
tcirmg iilr 3 p a n d a r  rwt7mm. 'I~IC q w w d  of 
hnrdr*oc>Gs rc m u ~ h  rharrfam than rh;ii of ~ I R ~ S .  FD 

mcrlasid of detecuun may n9sr be arrrskl&lc i-m red- 
boddried ~uudpckmr;. *f%e c k  pma;imaq of rcd- 
co&add w u n d p k r  cavrncs m red htxrr sparnphctre 
";mis; the p l ~ ~ ~ b d t r j  tha: chi: waeldpc&ers may be 
issing &C f ~ r ~ g d  As 3 ~ t i u d  C U ~ ,  Rudolph ~t d 
rypq i dttemp$ed so zcsr ti%k hy-po&er;is b? imailirig tai*e-/- 

k*zszi)rn~~~(?tjiS to rhc bakr nf pina iacksng hmtmmod 
dewr in an dfctri co .p,indiice i a ;dpxk i " t~  to 8nrtlitw 
~ a v i g  r'~ca\s?(;lozl They I&nd tkdi, the nt&d spar* 
phurrs *+ere not s suErirnc sumuiur ea;r &sat aar-sraan 
ktaviar, 

of the ppmm 4n h r s  $rand m 1989 Lr aiionbcr rrsdy iRu- Caitti' chambers of d-ii-utlckarricd *ortdpecL.is av- 

dotph a £I., rqg51 stnscsrsng rhar rhc mexa sprapbore 23agg r r  z ~ r n  ni &mscter and pncs must conrm at 
age w e  drremt~ned tri this pcewnr study m a  be xn un- last rhar d~anieter of h c a m ~ d  ti$,r;lr EO phs-sac&2j 



$16, k, M~r~maac d $ e @ ~ f i  flf& & $ S ~ ~ - ~ T ~ S J C S  o fPhr81~~1p t~ t  &3,* S=13biB ~ b i l ~ $ f  PUB$$ &2 r! (&%kdk pki~% Sn tk 0 % ~  
Ggksft ?jarsonel Femr in saxern Taw Thc RQartvcl~ b w  F"QPSD~GI~ dxhe k y  mluma wttlvrt &r pins hdcr sizggem &t 
decay b e p  in r)re pinis at a &i4v P$visung agee, tinrrs cxmdasrg sbwc md Wnw r h  decay mI-n means r c p m ~ t  the m m u a  
nnge d d m y  Jecetd wlchn rkc p~ 



& M K ~  LT ""it 319 

The sand fram rwht"& h e  gz yar-eIrf lubErJilr pprm 
were l~mest&< firs cams to oar arrenrsan as a s w d  
wr& Aundmr sxps of red 1Pcm d a y  ar an M ~ U S L I A ~  
young age, C3ur whue;nr mmiaartorts sf elated 
urea %irk red R e a t  ~porgl~hara C L I I " ; & ~ ~ ~  sub5-islnri;d 
tuneupln of  d a y  En there, p~nw, It is Eikikcly chat pinr 
specks, Z ~ C C  spacing, md growth eodicions dl influ- 
ence ebe ~nc~dence and "ge of infer~rtfi by red hem 
&tagus Ksd kcarc hngd dear  in Tax% l a d d  pines 
i P m q ~ ~ p . i ~ m ~ i  .M4;1jiie"is sac ccsmmon tsnd ptncs ex- 
c&cd r t o  yma old IClaawr ex d., ~ 3 9 4 .  6lumbtfid 
aith rhe rhoye okr~aficans clrj die snsuiTtucnt extmtt 
of decay at ~ ~ ~ v r a g r  M ~ a k s d c J .  %?+&a avir). 

trrr&gh* In the young ieblol 

pmxima~ly  &r age of rPLe 
m as exttarrw mqv of a v i y  rrcc atga En T i  (Ru- 
dolph and G;;lsrnrf; rggs), Aver* tree age aPtd r r t ~ r h r c  
of h r m  idectian ihl M e c a d  Voor4pcki 
cavnv trees In T w  sugpc rhar d q u m e  pines werd 
decades oMcr than &rrc minimums are requ id  fox 
fl,cd-cad&& Woodpkers €0 rxcilwze C ~ V I E S ~  an n rare 
sufiiiciet~r ro r+ce losses (Clclrane~ rr- d,, 3994; Rudolph 
and Cunner, nag: j 

Ourr&~;s may pmvtdr sonar mszgkg into thelcn~ 
of tine i b m  when p n e  k m r  firs$ m f d  wixh 
MP&SW pinr to tschea .ihe Erst spompitora appear 
Seeds of rke pias la h e  likdygerrajiaatcd arula~ll 
1343. fa ry& b r ~ h  bmra& subs )tad hrme ;an h e  

lower b p n b  OF h e  ptna znd prmirsed hngd spates 

access cm hamood &sue, If &e sprispiaa~s lime eol- 
f e ~ r d  ra 1919 were ta q yews oid, ~d be& 
grew withha rhc hearwad of zhe penes Cr st 

b&fe ~ p f ~ p h ~ b e  VOW& E P S ~  amfnei i ld  B d  
all wtthin tree grow& rare ofPhRlurw,psni ~ b c  hail 
ken a p z i m a m l l y  mxulaced mto zg! y of kssbkay 
pnm, &now and Loch it9831 wrtmaxcd r b c  st could 
i a k ~  a long as $2 p a s  b r  PMi'jxsxspzmi. rrt ~~Xcsmcfy 

cniiy amxtian., Since OUT & s n o w  of p ine  w?& 
red hart h n p  ind~mre thaz I& 1a1-p~ &m~erofrhe 
&cay coJunvr farand at &e region d rkc bk &star 
to &esporopEaaw, rd-~~kadcdwdprckrtrxmt.auan 
of pavinss i m n h c r l y  under sprephorrs wamld p k c  



e- 16.0 m Top of Decay Calumn 
(mesfi) 

4Vc &znk &c Naziond Fatests md Grsslan&, 
Tass, for p r n t ~ t a n  to hamst and &- bbkoiiy 
pmrs on rhc Dwy E~rakrc  Fr'sknd Forac, d b 
pcmissoa to d3.5sax wn&thrown rd-cmUedwad- 
peck= cavity mzs on &r Sabrne Nsczand Farrsr, Ex- 

rers far matmaw cotnnzma pla an ebsdy 

and Tiny St, %reek hi w of his phow 
d w d p s h -  V e  1% &mk jSz Or- 

r m s  ~n Virginia had d~ayed d a d  wanred ea 



L&*wf, R. K & B. il L d e  1gE2 F q s  dnd r&d"deii 
~ ~ d p a h c  awj:y trees. Wiiarn B d ,  $+ jii-70 

-&- a9833 Am&aal m t d a s n  of red k a r t  
iinagus m e t  LahjoUy pmr,  kw Ex-;iz 1~t D. A Woo$ 
~edit*>r)~ Red-e~*&&d *adpiker  st8rnp<watt> 11 5cmda 
Game a d  Fmh Wnei F I S ~  Camsnssma, 1; S fish and 
WWiBe Scrv and l" S Forex Sew, "eali&asw 

-, 0. K. biLf;h, jr BL C:. I; M b a a .  i-x& %jdpakeq 
d c p d r n v r  an rEee;s i n k e d  &+ lirnpi heart rats WIilaoo 
B d i  86: SV$-+I. 

- 8L D. I_' Ru&iph e-5. EWXWZK~C ~ J Y ~ > I K s  annd e 
1rxcre;nb nf d-cu&drd wccdpsker c;avitm: Relawn- 

iue bidiing' P a p  p+y-:gx, ili. Dr L 
ktih.sw, Ir: G M i - ~ i p r ~  & R RWA iedlrani Red- 
cc~kb~ti wr~i~dpeii:er: t.ecr:wsa:ii ewksp a d  m m ~ c m a r ,  
6@.lItgc af F e t m r ~ ~  Srqheo F k s m  Srxe Cnw, Fax- 
*k&&rs, TX 

- jn- 327 
.s~xkaded % 9 d p c k r s  nard p i x  red 

hwr dwse Auk slajr-tQ, 

M s l $ ,  La. 6. h K. ?J. Connor s34t C h q  : r e  s k u o n  
bg. red-mchded W J + & ~  m relnntm te wee .?p '&&- 
9.w Bdl  s q *  458-467 

-------*- ir; R W SctIdcr' 199;. W--Md *wd- 
pe&er &zmm ctf rcd heart d k ~ w r n  ?aga P@-H?. Irr 
D L K u k h q  it. G Hmpx, & R Cam {editass) Re&- 
cmks41,d wmxdpska Reumqy mdw u;d masizp 

ef F+~remy Sephen F Awin $$an: l>xi.~., 
IX 

Srativ- C C i g ~  H-uq eroiqy of ;Le r c ? d - d b d  r v a d  

pwkr rn 'vi~gnio .%xhnrrr N S I U ~ ~ S I  122 r b - x g z  
" 9  * j K t g g ~  I%ed-i~k&d W ~ P C C ~ ~ ~ E S .  ii "~~MLuv:' 

P-ix-apemrrrs b m k  Page i;&rr;t Ia P B Sc.zccy&W D 
Kw-nig {rdarimr Chperanu;- breed~ng m 'n~rds, C m  - -- , ti &enz & R Sc~a&cr lgq+ iiearx. brrdgz 8:aiuetatty i'rec*, Gmbridge 

u d ,  s a p a d ,  id tun& decay aawsrarcd m i t i  mdd -- . P I).. D m  h 1 M Cam ltl, rg88 The caop~tarvc; 
cochdzd ~riwttdpcclrh.r ~-9%qrr. teem j \%X& &lizzw 59 tizarir~a *li5rcem aC rltc: tr*i-~&d& uw+&a Edhd 
rab734 a@'* z ~ p - p j  


